owel perforation is a documented complication of ventriculoperitoneal (VP) shunts, occurring in approximately 0.1%-1% of shunt-treated hydrocephalus patients. 9 Occurring even more rarely are intraabdominal complications from abandoned distal peritoneal catheters. We present the case of a 14-year-old girl with a retained peritoneal catheter following partial removal 1 year earlier for a CSF infection. The patient presented with acute abdominal pain and subcutaneous emphysema along the right chest wall tracking rostral from the catheter in the abdominal subcutaneous tissue. We reviewed the literature and found only 6 other cases pertaining to bowel perforation secondary to abandoned abdominal catheters. In our review, we sought to evaluate the morbidity associated with these rare, albeit recognized, occurrences.
cal wound. Her complete blood count and comprehensive metabolic panel were within normal limits. Her erythrocyte sedimentation rate was slightly elevated (43 mm/hr, normal range 0-20 mm/hr) and her C-reactive protein was elevated (17 mg/L, normal range 0-5 mg/L). Computed tomography of the abdomen revealed the retained distal catheter and subcutaneous air tracking cephalad from the catheter to the right upper chest wall (Fig. 1) .
The patient was taken emergently to the operating room by the neurosurgery and general surgery services for an exploratory laparoscopy, which was converted to a laparotomy. The distal end of the peritoneal catheter was looped through the jejunum (Fig. 2 ). Attempts were made to remove the catheter, but ultimately the penetrated segment of bowel required resection and reanastomosis. Postoperatively, the patient did well and was discharged home.
Discussion
Intraabdominal complications of intact VP shunts are well documented and include inguinal herniation, hydrocele, ascites, ileus, peritoneal infection, volvulus and intussusception, nonenteric viscous perforation, and intestinal perforation. 4 Bowel perforation from intact VP shunt catheters, while rare with an incidence of 0.1%-1%, 9 carries a mortality rate of 15% 7 and is well documented in the literature. 6 Even rarer, however, are cases of abdominal complications from abandoned distal peritoneal catheters from previously removed VP shunts. The morbidity and mortality of such cases is not well established.
A literature review revealed 5 cases of intestinal perforation secondary to abandoned peritoneal shunt catheters 1,2,4,5,8 and 1 reported case of intestinal perforation secondary to abandoned subdural-peritoneal shunt tubing 3 (Table 1 ). Of 6 of the 7 cases, 83% of the patients had VP shunts placed when they were younger than 18 years, and 57% (4 of 7) were diagnosed with perforation before the age of 18 years. The increased incidence in children has been attributed to weaker intestinal musculature and stronger peristaltic activity. 10 Most patients presented asymptomatically (71%; 5 of 7), with anal protrusion of the distal tubing occurring in 57% (4 of 7) of the cases. The other 29% (2 of 7) presented with right-sided abdominal pain. Our patient exhibited right-sided abdominal pain and subcutaneous emphysema. The subcutaneous emphysema raised suspicion that the tube was intraluminal, with air from the bowel tracking through the intraluminal catheter into the subcutaneous tissue. Because of this high suspicion, diagnostic evaluation proceeded from CT to exploratory laparoscopy.
In all cases, the abandoned distal shunt catheter penetrated a portion of the bowel. Penetration of multiple organs or the same organ multiple times occurred in 43% (3 of 7) of the cases. The pathophysiology of perforation by both intact VP shunts and retained distal peritoneal tubing has not been well established. The etiologies are categorized into 2 mechanisms: 1) acute-traumatic type, in which the initial use of a trocar for distal shunt placement contributes to perforation, and 2) chronic-irritative type, in which shunt migration and adhesion at the entry site lead to perforation of the viscus. 10 In 2 of the cases reviewed, perforation of multiple organs was diagnosed at different chronological points, 5, 8 and in our case the small bowel was perforated multiple times. It can be deduced that movements of the distal catheter over time resulted in perforation and that acute trauma from the trocar had no role. It can therefore be inferred that in at least 43% of the cases a chronic-irritative process occurred. In addition, upon resection of the catheter and small bowel, our patient's catheter was found to have a sharp, beveled end (Fig. 3) . Sharp catheter tips have been noted to increase the risk of chronic perforation, 10 further strengthening the hypothesis that the chronic-irritative process was at play in the present case.
Management in all but 1 case involved removal of the abandoned retained distal catheter. In 57% (4 of 7) of these cases, the tube was removed through the anus, with 2 passing spontaneously, and 2 being extracted manually. In our case, laparoscopy was the initial method of exploration, bowel perforation with abandoned distal peritoneal shunt catheter as there was a high suspicion for an intraluminal catheter. A laparotomy and small bowel resection were ultimately required to remove the tubing. Conservative management was used in a nonverbal asymptomatic patient and followed by serial imaging. 5 A final patient had the distal tubing removed via colonoscopy, with subsequent development of peritonitis requiring a sigmoid loop colostomy with a full recovery 3 months later. 2 Our review revealed a recovery rate of 100%, with no associated mortality. Bowel perforation in an intact ventriculoperitoneal catheter, however, carries a morbidity of 15%. The difference in mortality rate can be attributed to the nonexistent risk of meningitis with abandoned distal tubing. Undiagnosed peritonitis from bowel perforation, and its sequelae, carries a mortality rate ranging from 20% to 40%. Peritonitis is a significant risk from catheter perforation of the viscus, and our review revealed the need for small bowel resection in 2 of 7 cases, constituting a significant morbidity. The rate of morbidity associated with bowel perforation from abandoned distal catheters can thus be reported as 29% (2 of 7 cases). This significant morbidity illustrates the importance of weighing the risks and benefits of completely removing shunt tubing as well as considering bowel perforation in the differential diagnosis of patients with abandoned peritoneal tubing who present with abdominal pain.
This case also highlights some key factors to consider when dealing with distal catheter revisions. When performing a piecemeal shunt revision, the standard teaching is to avoid placing connectors in areas of deep soft tissues. This leads to increased difficulty with removal as well as increased mobility and a likelihood of disconnection. Our patient had a metal connector within her abdomen, which snapped and disconnected when an attempt was made to remove it from the posterior auricular incision.
The final point of consideration in this case report is the idea of weaning a VP shunt in a spinal dysraphism patient with shunt-treated hydrocephalus. It has been well established that patients with myelomeningocele and shunt-treated hydrocephalus require long-term CSF diversion. That being said, it is very well possible that some long-standing shunts may become occluded and cease to function. As neurosurgeons, the most difficult thing to do is distinguish these shunts from very essential shunts, such as those with very low flow but still vital function. This comes into play when children present with infection and require external CSF diversion. Attempts can be made to wean the shunt, but in the case of low flow, the adverse effects may take a significant time to be encountered. In our case, the neurosurgeons were able wean the VP shunt when placement of an external ventricular drain was required to treat the patient's infection. Our patient had been without a VP shunt for more than 12 months at the time of presentation. Appropriate follow-up should have been arranged, including delayed brain and total spine imaging to ensure that the patient would not develop delayed hydrocephalus or syringomyelia. While removing a VP shunt may seem feasible, caution should be taken and appropriate long-term follow-up performed.
conclusions
The mortality associated with the 7 presented cases of bowel perforation secondary to retained distal peritoneal catheters was found to be nonexistent. This is in direct comparison with the 15% mortality rate seen in bowel perforation caused by intact shunt catheters. The morbidity associated with bowel perforation, however, is significantly higher and includes complications such as peritonitis and bowel resection. Given the high morbidity, clinicians need to remain vigilant in keeping bowel perforations in their differential diagnosis for patients with abandoned distal peritoneal tubing and abdominal pain.
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